Abstract-A double column procedure was devised for simultaneous estimation of norepinephrine, normetanephrine, dopamine, 3-methoxytyramine, and 5-hydroxy tryptamine in brain tissue. Columns of aluminum oxide were placed on columns of Amberlite CG-50 by use of a specially devised column holder so that the effluent from the upper columns could flow directly into the lower ones. Perchloric acid extracts of brain samples were passed through the doubled columns after the pH was adjusted with K2CO3. Norepinephrine and dopamine in the extracts were adsorbed on alumi num oxide in the upper columns while normetanephrine, 3-methoxytyramine, and 5 hydroxytryptamine were retained by Amberlite CG-50 placed under the aluminum oxide columns. The amines adsorbed on both columns were eluted in a small volume of dilute HCl and each of the amines was determined fluorometrically.
are converted to normetanephrine (NM) and 3-methoxytyramine (3-MT), respectively.
Since catechol-O-methyltransferase is known to be mainly located extraneuronally in the brain in contrast to monoamine oxidase which is distributed both extra and intraneuronally
(1), the concentrations of brain NM and 3-MT have been generally considered to reflect, under certain conditions, the amounts of NE and DA released from these monoaminergic neurons.
It seems to be significant, therefore, to determine NM and 3-MT along with NE and DA in the same brain tissue, in order to investigate the dynamic aspect of these neuro transmitters in the brain. However, there have been few reports dealing with isolation and estimation of these monoamines in the same sample.
To establish a method answering such purpose, we have devised a procedure for purifying T. KA RASA WA ET A L.
and concentrating the four amines at the same time from the same perchloric acid extracts of brain tissue. The procedure is based on a double column technique on aluminum oxide and Amberlite CG-50 and when combined with suitable methods for detecting the amines, it can permit simultaneous estimation of NE, NM, DA, 3-MT, and 5-hydroxytryptamine (5-HT) in various regions of single rat brains. The entire procedure is described in this paper.
MATERIALS AND METHODS

Read, ents
All chemicals and reagents used were of analytical grade. For standards, L-nor adrenaline (Nakarai Chemicals Co., Kyoto, Japan), dopamine HCl (Nakarai Chemicals
Co., Kyoto, Japan), DL-normetanephrine HC1 (Nakarai Chemicals Co., Kyoto, Japan),
3-methoxytyramine
HCl (Sigma Chemical Co., St. Louis, U.S.A.), and serotonin creatinine sulfate (E. Merck AG., Darmstadt, Cermany) were used. Standard stock solutions of these amines were prepared in 0.001 N HCI except for serotonin creatinine sulfate which was dissolved in water.
The concentrations of the amines were expressed in terms of bases.
Water was distilled and further purified by passing through an ion exchange deionizer.
Aluminum oxide
Woehn aluminum oxide, active W-200 neutral (M. Woelril, Eschwege, Germany), was used without prior acid washing or heat activation.
Amberhte CG-50
Amberlite CG-50, type 2, 200 to 400 mesh (Rohm and Haas Co., Philadelphia, U.S.A.)
was washed by cycling through the acid and sodium forms with 2 N HCI and 2 N NaOH and finally with water. The resin was equilibrated with 0.1 M NaH,,PO4-K.,HPO4 buffer, pH 6.1, and stored as a suspension in the same buffer. The concentration of the suspension was adjusted so that one nil of the resin slurry would correspond to about 90 mg dry resin.
Column
Columns were constructed from Pyrex glass tubing of 0.6 cm in diameter and 9 cm in length.
One end of the tube was narrowed to form a tip of conical shape, and the other end was connected by fusion to a tubing of 1.7 cm in diameter and 5 cm in length which served as a reservoir.
Apparatus for double column procedure
The apparatus for the double column pro cedure was composed of two column racks made of transparent plastics, as illustrated in Fig. 1 . 
Spectrofluoroineter
The measurement of fluorescence intensity was carried out with a Hitachi model MPF-4 spectrofluorometer using non-fluorescent quartz cells with a light path of 1 cm.
Preparation of tissue extracts
Male rats of Wistar strain (about 200 g) were decapitated and the brains quickly re moved. After washing with cold 0.9 NaCI and blotting with filter paper, the brains were frozen by placing in pulverized dry ice and stored in a deep freeze until assayed. In the experiment for estimating the amines in different areas of the brain, the brains were dissected, in a semi-frozen state, into the corpus striatum, diencephalon plus mesencephalon, cerebellum, and pons plus medulla oblongata, in a refrigerated chamber according to their gross anatomical localization based on the rat brain atlas of Konig and Klippel (2) . Tissue samples (up to 0.3 g) were homogenized, while still frozen, in 3 ml of cold 0.4 N perchloric acid (PCA) by use of a Polytron homogenizer (Kinematica GmbH., Luzern, Switzerland).
The homogenates were centrifuged at 15,000 g at 2-5 °C for 15 min with a refrigerated centrifuge. From the resultant supernatants, 2.5 ml aliquots were taken and adjusted to pH 7.5-8.5 with 0.4 M K2C03 with cooling in an ice bath. The precipitated KC1O4 was removed by centrigugation at 0°C, and clear supernatant was placed on the doubled columns of aluminum oxide and Amberlite CG-50 for isolating the amines, as described below.
Double column procedure
The tips of the columns were plugged with small pledgets of cotton wool. Tightness of the plugs was controlled so as to permit a solution to flow through the aluminum oxide columns at the rate of 0.3-0.5 ml/min and through the Amberlite CG-50 columns at the rate of 0.1-0.3 ml/min. The columns for aluminum oxide were filled with water to expel the air trapped around the cotton plugs and packed with about 150 mg aluminum oxide.
Into the columns for Amberlite CG-50 was poured 1 ml of the resin slurry prepared above, which formed a resin bed of about 0.35 ml. The columns were placed in a cold room (0-5'C) and washed twice by filling the reservoirs with water. After the columns had been drained, the aluminum oxide columns were superimposed on the Amberlite CG-50 columns each on each by use of the column racks described above. The pH-adjusted supernatants of PCA extracts prepared above were put on the upper aluminum oxide columns. When the level of the sample solution had dropped just to the surface of the resin in the lower columns, 7 ml of cold water was poured into the reservoirs of the upper columns for wash. After the columns had been drained, the two column racks were separated, and another 7 ml cold water was passed through both sets of columns. After complete draining of wash water, NE and DA were eluted from the aluminum oxide columns with 3 ml of cold 0.2 N HC1
and NM, 3-MT, and 5-HT from the Amberlite CG-50 columns with 3 ml of cold 0.5 N HCI. and 0.1 nil of 0.8% potassium ferricyanide were added. Then to this mixture was added 0.5 ml of freshly prepared 1.6 % Na2SO3 in 1 N NaOH, and followed 6 min later by addition of 1 ml of 2.5 N acetic acid. All above reactions were conducted at room temperature.
The reaction mixture was heated at 75'C for 20 min and cooled in an ice bath. The fluore scence was read at ice water temperature at 330 nm activation and 370 rim fluorescence wavelengths. Unoxidized tissue blanks were prepared as follows: 0.1 ml EDTA-Na2 and 0.1 ml potassium ferricyanide reagents were mixed in a test-tube, followed by 0.5 ml of the alkaline sulfite reagent and, 6 min later, by 1 ml of 2.5 N acetic acid for acidification.
To the mixture was finally added 1 nil of the sample column eluate and the tube was treated thereafter in parallel with the test samples.
Normetanephrine (NM) and 3-nlethoxytyraniine (3-MT): A 1 ml aliquot of the eluate from the Amberlite CG-50 was mixed with 1 ml of 0.1 M pyrophosphate buffer, pH 8.4.
The mixture was adjusted to pH 8.4 with 0.6 N NaOH and made up to 2.5 ml with water.
The mixture was chilled in an ice bath, followed by addition of 0.1 ml of 2 x 10-4 M alcoholic iodine for oxidation. After 8 min, 0.5 ml of alkaline sulfite reagent was added and the mixture was left for 10 min at room temperature for tautomerization, as described for the NE assay. After being acidified with 1 ml of 2.5 N acetic acid, the reaction mixture was Values are mean S.D. of 6 examples. Two whole rat brains (3.4 g) were homogenized in 60 ml of 0.4 N PCA. Twelve identical portions (3 ml) of the homogenate were taken in centrifuge tubes, to 6 of which were added authentic amine solutions (0.5 ml) in the amounts shown in the Table and to the reminder 0.5 ml water for the vol ume adjustment.
The tubes were centrifuged and the five amines in the resultant supernatant were determined throughout the entire procedure.
The determined values were expressed as the amounts in the 3.5 ml samples.
cedure.
The results are shown in and also in the corpus striatum. 5-HT was detected in a fairly large amount in the medulla oblongata plus pons and corpus striatum but only a small amount was detected in the cerebellum. A low concentration of DA was found in the dien and mesencephalon but little was found in the medulla oblongata plus pons and cerebellum. NM was detected in all regions except the corpus striatum, though in a very low concentration. A considerable amount of 3-MT was found in the corpus striatum, but no appreciable amount was detected in other parts of brains. Treatment of rats with pargyline, a monoamine oxidase-inhibiting agent, resulted in an increase in NM and 3-MT, as shown in the lower column of Table 2 .
The rate of increase in NM and 3-MT after pargyline was more pronounced than that in NE and DA. This may suggest that the extent to which NE and DA were increased at the synapse in the brain was much greater than assumed by the apparent increase of NE and DA that were determined as a total amount. all parts of brains were considerably low and were below the limit of sensitivity. This is based on the fact that the latter buffer has stronger buffering action than the former in this pH range and is more convenient for the pH adjustment of the acid column eluate in the oxidation step.
The concentration of iodine used for oxidizing NM and 3-MT also differed from that reported by Laverty and Taylor who used a much higher concentration of the oxidizing agent. At higher iodine concentrations, decay of oxidation intermediates of NM was accelerated, resulting in a reduced formation of the fluorescent product, as shown in Fig. 3 .
To minimize such destruction of the oxidation products, a relatively low but sufficient concentration of iodine (8 10-13 M) was used for the oxidation of NM and 3-MT.
Most procedures so far reported for the estimation of DA based on the hydroxyindole principle are considerably less sensitive than those for NE, and various modifications (4) have been devised in both oxidation and rearrangement steps to increase the sensitivity.
Of the procedures we have preliminarily reinvestigated, the one reported recently by Atack (5) fluorescent dihydroxyindole, and the reductive inactivation of the residual oxidizing agent by sodium sulfite, all of these reactions occur simultaneously in the same alkaline medium.
As suggested by this nature of reaction, the concentration of NaOH in the medium in which the reaction takes place may be a major factor regulating the formation of the dihydroxy indole. Therefore, the relationship between the concentration of NaOH and the amount of fluorescence formed was examined. The optimal range of NaOH concentration was 0.1-0.2 N, as shown in Fig. 4 . This range, however, shifts towards the higher alkaline concentration when the sample contains acids, owing to the consumption of NaOH by neutralization. Accordingly, it is necessary to increase the alkaline concentration to mike up for the loss of NaOH when DA is purified in a high concentration of acids.
The sensitivity of the present method is quite high; the amount of amines which must be present for giving final fluorescence readings twice as high as the blanks being 2 ng NE, Besides being useful for isolating the five amines, the double column procedure described here is applicable to the isolation and estimation of L-i3-(3,4-dihydroxyphenyl)alanine (L-DOPA) in brain tissue. For this purpose, the order of passing of the amine extracts through the aluminum oxide and Amberlite CG-50 columns is reversed. In this case, NE, DA, 5-HT, NM, and 3-MT are retained by Amberlite CG-50 in the upper columns and L-DOPA by aluminum oxide in the lower columns. L-DOPA can be eluted from aluminum oxide with dilute acids and be determined according to the hydroxyindole principle reported by Laverty and Taylor (3). 5-HT in the eluate from Amberlite CG-50 can be also determined
